We have studied six patients who had undergone mitral valve replacement. Estimations of cardiac output and of pulmonary vascular resistance were made, beginning two hours after the finish of the operation. Glucagon, 10 mg, was given intravenously, and cardiac output and pulmonary vascular resistance were measured 5 minutes and 30 minutes later. In all six cases there was a significant decrease in pulmonary vascular resistance and this occurred whether the resistance was slightly, moderately or greatly elevated. There was a highly significant increase in cardiac output in all cases.
In the last 10 years the action on the cardiovascular system of the pancreatic hormone, glucagon, has been demonstrated repeatedly. We have studied the action of glucagon in six patients who have undergone mitral valve replacement.
PATIENTS AND METHODS
Six patients who had undergone mitral valve replacement were studied. In two cases aortic valve replacement had been performed as well. At operation cannulae were routinely placed in the right and left atria and also in the radial artery at the wrist. In these cases a fine plastic cannula was introduced into the pulmonary artery before closure of the chest. A small purse string suture of 4/0 non-absorbable material was inserted into the epicardium of the infundibulum of the right ventricle. A small incision was then made in the epicardium with a fine scalpel. A blunt serum needle was pushed through into the cavity of the right ventricle, and the plastic cannula was threaded through it and advanced into the main pulmonary artery. The serum needle was withdrawn and the purse string suture tied. Using a sharp serum needle introduced from outside, the cannula was inserted through the anterior chest wall, usually at the fifth intercostal space on the left. The cannula was connected to the pressure recording system using a Tuohy connector.
The study was begun two hours after the finish of the operation. Mean The figure obtained was multiplied by 80 in order to express the pulmonary resistance in fundamental physical units (dynes/sec/cm-5).
At the conclusion of the study the pulmonary artery catheter was withdrawn. In no case did bleeding occur nor was any difficulty encountered.
The results obtained in the resting state and at 5 and 30 minutes were subjected to the paired t test.
RESULTS
During the period of observation each patient had a stable arterial blood pressure and showed no change in any other clinical index of cardiac output. No dysrhythmias occurred. Table I shows the variations in mean pulmonary artery pressure, mean left atrial pressure, and cardiac output in each patient studied. (Rouleau, Frye, and Ellis, 1969) . The pulmonary vascular lesions have been described (Harris and Heath, 1962) and are the result of prolonged pulmonary venous hypertension consequent upon the mitral valve disease. Successful replacement of the mitral valve has been shown to produce a fall in the pulmonary vascular resistance in the months that follow (Braunwald, Braunwald, Ross, and Morrow, 1965) , but in severely affected patients, the impairment of cardiac output may be such as to cause the death of the patient in the early postoperative hours or days.
Glucagon has been known for some years to have an effect on the heart and circulation. Its action has been studied in isolated cardiac muscle (Farah and Tuttle, 1960) , in heart lung preparations, and in intact animals (Regan et al., 1964; Glick, Parmley, Weschler, and Sonnenblick, 1968; Lucchesi, 1968) . The actions have been studied in man in health and disease (Klein, Morch, and group.bmj.com on April 12, 2017 -Published by http://thorax.bmj.com/ Downloaded from Mahon, 1968; Linhart et al., 1968; Williams, Childress, Chip, and Border, 1969; Lal and Fletcher, 1969; Murtagh et al., 1970) .
In all reports a rise of cardiac output and stroke volume has been shown. The rate of contraction of the myocardium has been increased and the peripheral vascular resistance has usually fallen. Some observers have noted a tachycardia. No dysrhythmia apart from this seems to occur, however, and the only side effect noted has been nausea.
We know of no work which has measured the effect of glucagon on the pulmonary vascular resistance. The cardiac actions of glucagon are thought to be due to the release of adenyl cyclase which increases cellular energy production. The effects of glucagon on carbohydrate metabolism have been measured by Klein et al. (1968) , the blood glucose showing a progressive rise during the period of their study. Other authors (Linhart et al., 1968; Murtagh et al., 1970) noted only a transient rise in blood glucose. The last observers noted increased cardiac output in patients with rheumatic mitral valve disease.
Our study has shown a consistent increase in cardiac output after the administration of glucagon in patients who have undergone mitral valve replacement. We have demonstrated that the pulmonary vascular resistance fell. This decrease occurs in patients with mild, moderate, and severe elevations of the pulmonary vascular resistance. It is possible, however, to argue that the decrease in pulmonary resistance is merely a normal physiological response to an increased cardiac output. Difficulty also arises in explaining the action, if any, of glucagon on the pulmonary arterioles and venules.
Nevertheless we have shown that the calculated pulmonary vascular resistance falls even in the presence of severe pulmonary vascular disease, and it is in these cases that the lesions in the vessel walls would be widespread and possibly render the vessel incapable of reacting in a physiological manner. We plan to conduct a further study to assess the effect on the pulmonary resistance of variations in the cardiac output alone.
Meanwhile glucagon commends itself as an effective drug for increasing cardiac output after valve replacement without the induction of dysrhythmias.
